B etween 1930 and 1985, researchers in the United
States and Canada collected longitudinal growth data on children with malocclusions. The data included radiographic and nonradiographic records that were amassed in individual, independent collections. 1 Preservation of these collections is absolutely critical because these records were accumulated at considerable human and economic costs. Because of the radiation exposure risk, these studies are unlikely to be repeated in view of ethical considerations. 2 Therefore, these records are likely to remain invaluable for decades to come. 2 Due to concerns about loss of the physical records, the American Association of Orthodontists Foundation (AAOF) supported the development of a centralized database to preserve the records in a digital format, allowing them to be accessible from a single Web site. 1 Some studies followed children from infancy to adulthood, others only during adolescence. See Table I for a full description of each collection. The data provided by these records is the segue to treatment of growing and nongrowing patients in contemporary orthodontics. [14] [15] [16] [17] Use of the AAOF Legacy Collection and trends in the use of the individual collections are not clear. It has been claimed that the AAOF Legacy Collection project significantly improved the prospects of orthodontic research over the 8 years since initiation of the project.
The aims of this systematic review were to describe the use of the AAOF Legacy Collection in the orthodontic literature focusing on both comparative and follow-up studies and to analyze trends of use before and after the Legacy project launch. As a secondary objective, we hoped to highlight the importance of the AAOF Legacy Collection for future research opportunities.
MATERIAL AND METHODS

Protocol and registration
This review followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) as closely as possible. The protocol for this systematic review was registered on PROSPERO: international prospective register of systematic reviews (PROSPERO 2016: CRD42016038395). Details of the protocol can be accessed at http://www.crd.york.ac.uk/PROSPERO/ display_record.asp?ID5CRD42016038395.
Eligibility criteria
Studies were eligible for inclusion based on the following criteria.
1. Primary studies that used an experimental or observational study design (randomized controlled trial, cohort/longitudinal study, case-control study, cross-sectional study).
2. At least 1 of the 9 collections in the AAOF Legacy Collection was used as either the main sample population or as a comparison/control group within the study. 3. The study included human subjects of any age, sex, and ethnicity. 4. The study measured orthodontic appliance outcomes, longitudinal craniofacial growth and development, malocclusions, or any other orthodontically related outcome.
Narrative reviews, case reports, and case series studies were excluded from review. Animal studies were also excluded, because the goal of this systematic review was to analyze trends in the use of the AAOF Legacy Collection in the orthodontic literature as it pertains to human subjects. Studies were also excluded if they did not measure at least 1 orthodontic outcome (eg, anthropological studies). Studies were screened with the previously stated inclusion criteria at the title and abstract level by 2 independent investigators (T.A.J. and R.C.) to reduce bias. A high level of agreement was obtained at the 2 stages. Due to the magnitude of studies that needed to be reviewed at the full-text level, the results were divided among 3 investigators to be reviewed without overlap (T.A.J., R.C., and L.L.). A fourth independent external member reviewed all studies to confirm inclusion or exclusion. Any disagreement was resolved by discussion among all authors.
Data items and collection
Two customized data abstraction forms were used to extract data from each study. For comparative studies, the following variables were recorded: study authors, origin, study design, sample sizes in the treatment and control groups, age categories at baseline, malocclusion classifications for treatment and control groups, type of intervention, treatment or observation duration in months, skeletal maturational age, name of the particular craniofacial growth collection used, type of orthodontic records, and controls matching criteria. Similar variables were collected for the follow-up studies on the main follow-up sample. Because of the lack of control samples or interventions in the follow-up studies, this information was not collected.
Statistical analysis
Data were analyzed using STATA software (version 14.2; StataCorp, College Station, Tex). Descriptive statistics were conducted for all categorical and continuous variables in the comparative and follow-up studies separately. Chi-square tests were used to determine publication trends of each craniofacial legacy collection at the 2009 cutoff, which represented the testing and launch of the AAOF Legacy Collection project. A time series graph was used to denote overall trends of Legacy Collection utilization over time.
RESULTS
The search identified 3188 articles (Fig 1) . After exclusion by title and abstract, 304 studies underwent full-text reviews, and 105 articles were excluded for various reasons (Supplementary Table) . A total of 199 studies met the inclusion and exclusion criteria of this study. Of these, 127 were follow-up studies using a legacy collection as the main sample, and 72 were comparative studies with a legacy collection used as a control group for contemporary treatment groups (Appendices 2 and 3). All 9 collections in the AAOF Legacy Collection were used in studies included in this systematic review.
Comparative studies
Of the 72 comparative studies, 63 (87.5%) were published articles, and the remaining were theses or dissertations. The countries of origin where the studies were conducted were the United States (55; 76.4%), 1 international country (13; 18.1%), and more than 1 country (4; 5.6%). All studies were retrospective comparative studies except for 2 (2.7%) that were prospective controlled studies.
The total median sample size of the treatment groups was 43 subjects, compared with 32 in the control groups. Table II presents the sample distribution by sex in each group. The most common age category at baseline among the treatment and control groups was 10 to 14 years (Table III) .
More than half of the treatment group samples had Class II malocclusion followed by other malocclusion conditions. The other category included studies on multiple malocclusion classifications or those with other conditions such as skeletal and dental anterior open bite, deepbite, large cranial base angle, transverse maxillary deficiency, and cleft lip and palate. Similarly, 44.1% of subjects in the control samples had Class II malocclusion followed by other types of malocclusion (14; 20.3%). Of the 14 studies, 35.5% assessed 2 or more malocclusion categories, and 64.5% included other forms such as anterior open bite, deepbite, small cranial base angle, transverse maxillary deficiency, and noncleft patients.
The types of interventions varied among the studies. They included appliances such as the mandibular anterior repositioning appliance, AdvanSync, Herbst, Bionator, Activator, Twin-block, Fr€ ankel-2, Fr€ ankel-3, maxillary expanders (bonded, Haas, modified Haas, quad helix, hyrax, acrylic splint), facemask, Xbow, Forsus, chincup, Schwartz, mandibular lingual holding arch, spring-loaded module, removable maxillary plate with anterior bite plane, headgear with anterior bite plane, Tweed and standard edgewise appliances, preangulated and torqued "Siamese" edgewise appliances, passive self-ligating system (Damon 3MX), intermaxillary Class II, or intra-arch elastics on round archwires. They also included treatment procedures such as premolar extraction, LeFort I osteotomy, midfacial advancement with distraction osteogenesis, and 1-stage closure of complete unilateral cleft lip and palate. Additionally, the study groups included patients with craniofacial anomalies or syndromes such as complete unilateral cleft lip and palate, Down syndrome, Pierre Robin sequence, and craniosynostosis. The median total treatment or follow-up duration among the treatment groups was 28 months (interquartile range, 21-42; minimum, 0.7; maximum, 132), whereas the median control total observation duration was 36 months (interquartile range, 15-66; minimum, 4; maximum, 132). Figure 2 presents the percentages of utilization of the Legacy Collection in the comparative and follow-up studies. Of the 9 collections, the most commonly used growth study in the comparative studies was the Michigan growth sample (31.9%), followed by multiple collections (22.2%), and then the Burlington collection (18.1%). The Denver growth study was used in combination with other databases in 13 studies, and the most common combination was the Michigan and Denver samples (9 studies). No included comparative study used the Fels, Forsyth Twin, Oregon, or Mathews collections. The types of control records obtained varied among the studies with the majority being lateral cephalograms (56; 77.8%), followed by other (11;15.3), dental casts (3;4.2%), and frontal cephalograms (2;2.8%) ( Table IV) . The other records included combinations of lateral cephalograms and dental casts, lateral cephalograms and hand-wrist radiographs, lateral cephalograms with body height, and 1 group of lateral oblique radiographs. The utilization of these records by each growth legacy collection is depicted in Figure 3 .
Fifty-eight (80.6%) studies matched the control subjects to the treatment subjects. The matching criteria included 1 or a combination of the following: chronologic age, sex, ethnicity, duration of treatment or observation, skeletal maturity, dental development stage, interval between radiographs, craniofacial morphology such as angulation of mandibular base to anterior cranial base (SN-MP), and gonial angle (Co-Go-Me). Only 15 (20.8%) studies reported the subjects' skeletal ages.
The overall Craniofacial Growth Legacy Collection use over time is shown in Figure 4 (Table V) . The majority of the studies that considered or reported skeletal maturity stage (11; 73.3%) were published after 2009.
Follow-up studies
Of the 127 follow-up studies, 123 (96.9%) were articles, and 4 (3.2%) were theses or dissertations. Ninety-one (100) studies (71.7%) were completed in the United States, 35 (27.6%) were completed internationally in 1 location, and only 1 (0.8%) was completed in multiple locations. The majority of the studies were longitudinal (114; 89.8%), and the remaining ones were either cross-sectional (5; 3.9%) or a combination of both designs (8; 6.3%).
The median sample size in the studies was 50.5 subjects (interquartile range, 32-111) (Table II) . All craniofacial growth legacy collections were used in these studies as the main sample. Fifty-one (51%) studies included subjects in the 5-to-9 years age category at baseline (Table III) .
Of the 72 studies that reported the types of occlusion or malocclusion of the subjects, 32 (44.4%) studied other types of malocclusion, and 22 (30.6%) studied Class I malocclusion. The other types of malocclusion included multiple malocclusion categories, as well as short-or long-face syndrome and serial premolar extractions. The median follow-up duration of the samples was 11 years (interquartile range, 8-17; minimum, 2; maimum, 45). The most-used study record was lateral cephalograms (52.8%). Figure 5 presents the utilization of different record types by collection.
As depicted in Figure 2 , the most commonly used collection was the Burlington collection at the University of Toronto (29.1%), followed by the Iowa sample (22.8%), the Bolton-Brush (12.6%), Michigan (9.5%), Denver (9.5%), multiple collections (7.1%), Fels (3.9%), Mathews (3.2%), Oregon (1.6%), and Forsyth Twins (0.8%). Some studies also used a combination of other growth study collections that were not the subject of this study; these included the Nijmegen historical sample of healthy Dutch children and the longitudinal records from the Department of Orthodontics of the University of Florence in Italy.
When publication trends were compared before and after 2009, we found that 96 (75.6%) studies were completed before 2009, and only 31 (24.4%) were completed after that year. The overall Legacy Collection use over time showed a small increase in the number of published follow-up studies after 2009. Although the Burlington collection had the highest percentage of utilization (n 5 37) among the follow-up studies, only 8 (21.6%) of these studies were published after 2009.
DISCUSSION
The AAOF Legacy Collection project has made records that would have been inaccessible, open internationally to researchers and clinicians. These records are stored in a Web site that is user friendly and allows for search by subject code, sex, chronologic age at each time point, Angle classification, type and number of records, and hard tissue landmark. Despite the global availability of samples from these collections on the AAOF Web site, most of the studies included in this systematic review were completed in the United States, with relatively few undertaken internationally. (25) 12 (75) 16 (100) A total of 199 comparative and follow-up studies reported results on important research questions that had contributed to the advancement of orthodontics. The great number of studies that were identified signifies the use of these collections over the years. Many of these studies are required reviews in advanced educational orthodontic programs as well as for the American Board of Orthodontics examinations. Thus, the importance of these collections cannot be overstated.
Historical controls are an efficient and economical source of data and easily accessible, and they tackle the ethical challenges of enrolling concurrent control subjects who do not receive the intervention. These samples, however, are limited by selection bias. The samples in the legacy collections were overrepresented by white participants with Class II malocclusion. Some participants received orthodontic treatment during their follow-up periods. Multiple investigators collected the records with limited information available about reliability. The reliability of these records has recently been investigated by Papageorgio et al, 18 who determined that orthodontic clinical trials with untreated historic controls as the comparison group were associated with deflated treatment effects independent of both sample size and prospective or retrospective treatment group data collection. Another limitation is the secular trends in growth and maturity of children included in these collections. 19, 20 A recent study found statistically significant secular trends in 5 of 8 studied craniofacial measurements (SNA, SNB, ANB, S-N, Co-Point A) among 138 subjects selected from the 9 legacy collections. 21 This has significant clinical implications in the current orthodontic literature, since the samples may not be comparable. Also, these longitudinal growth studies did not collect qualitative data such as satisfaction and attitudes. These limitations should be considered when studying historical control samples.
The most commonly used growth study collection in the comparative studies was the Michigan Growth sample. In comparison, the Burlington Growth collection was the most commonly used the included follow-up studies. The common use of these 2 collections could be due to their availability in digital format, high organization, level of detail on the samples, and the data acquiring systems set forth by the curators. Additionally, the Burlington craniofacial growth templates developed by Frank Popovich 22 may have contributed to its wide use.
Five collections (Fels, Denver, Forsyth Twin, Oregon, and Mathews) were not used or independently used (Denver) in any comparative study. The same collections, with the exclusion of the Denver study, were underused in the follow-up studies. Although the Fels longitudinal study of human growth and development has the longest follow-up period among all studies worldwide, its use is limited in orthodontics. 23 This collection is more commonly used in physical anthropology, since it contains images of other structures such as the wrist, foot, and knee. The Denver child growth study has mainly been used in follow-up studies. This limited use could partly be attributed to the lack of data availability, because it took a length of time to transform the original data collected into digital format. Thus, the data may not have been easy to obtain or use.
The Forsyth Twin collection includes a large sample of twin subjects, their parents, and at least 1 sibling. Records of only a few subjects from this collection are available on the AAOF Legacy Collection Web page, and only 1 included follow-up study used data from this collection. The Oregon Health Sciences University study that includes subjects with a history of orthodontic extraction treatment (28.9%) and twin records was used in 2 follow-up studies. It is not clear why this collection is underused compared with the other collections, but it could partly be explained by the late availability of the data on the AAOF Web site. The Mathews collection includes images of 36 subjects who received the Bjork metallic implant protocol, and 33.3% of these subjects had orthodontic treatment. This collection was not used in any of the included comparative studies. This is not surprising, since the placement of implants is difficult to justify if they are being used for research purposes only.
About 22% and 7% of the comparative and followup studies, respectively, used up to 4 multiple legacy collections. The most commonly used combination in the comparative studies was the Michigan and Denver collections (12.5%), and the combinations varied for the follow-up studies.
The uploading of records to the AAOF database and Web site was completed in 2014. Between November 2011 and June 2016, the number of uploaded lateral cephalograms increased by 80.4% from 2000 to 10,200, and the total number of images increased from 2500 to 16,000. 24 Similarly, the requests for images decreased by 26.7% for the same time period. The report also stated that the most commonly visited collections were the Bolton-Brush, Burlington, Michigan, and Oregon. Our exhaustive search found consistent results on utilization of these collections with the exception of the Oregon collection. The Iowa collection and multiple collections were more used than the Oregon collection. It might be that researchers obtain direct access to the original data in these collections through the centers or universities rather than on the AAOF Web page. In this review, we did not differentiate between records obtained from the AAOF Web site and records obtained directly from the curators of the main collection samples at each center or university. Several collections including the Fels and the Bolton-Brush were used in studies that are not relevant to orthodontics. These studies were excluded from this review. Thus, the included studies may not represent the full utilization of each collection.
This review assessed 9 of the 12 known legacy collections. Future studies should consider assessing the 3 others: the Krogman Philadelphia growth study at the University of Pennsylvania, the Meharry growth study at Meharry University, and the Montreal growth study at the University of Montreal. Moreover, as the yield here was high and the aim of the study was to obtain epidemiological information in relation to usage, the methodologic quality of the included studies was not assessed. Notwithstanding this, it remains clear that the AAOF legacy collection provides meaningful insight into craniofacial growth and a unique opportunity to allow comparison of treatment with untreated controls based on regular, serial records.
CONCLUSIONS
The overall number of published studies in the comparative and follow-up categories increased after 2009, reflecting the efforts of the AAOF team and collection curators in making the records available worldwide. This study provides a snapshot of the Legacy Collection's utilization. Further research should consider studying each collection to identify utilization predictors. 18 
